Abstract. This study focuses on the improved estimation of mesoscale surface ocean circulation obtained by merging TOPEX/Poseidon (T/P) and ERS-1 and -2 altimeter measurements between October 1992 and May 1998. Once carefully intercalibrated and homogenized, these data are merged through an advanced global objective analysis method that allows us to correct for residual long wavelength errors and uses realistic correlation scales of ocean dynamics. The high-resolution (0.25 ø x 0.25 ø) merged T/P + ERS-1 and -2 sea level anomaly maps provide more homogeneous and reduced mapping errors than either individual data set and more realistic sea level and geostrophic velocity statistics than T/P data alone. Furthermore, the merged T/P + ERS-1 and -2 maps yield eddy kinetic energy (EKE) levels 30% higher than maps of T/P alone. They also permit realistic global estimates of east and north components of EKE and their seasonal variations, to study EKE sources better. A comparison of velocity statistics with World Ocean Circulation Experiment surface drifters in the North Atlantic shows very good agreement. Comparison with contemporary current meter data in various oceanic regimes also produces comparable levels of energy and similar ratios of northward and eastward energy, showing that the maps are suitable to studying anisotropy. The T/P + ERS zonal and meridional components of the mapped currents usually present comparable rms variability, even though the variability in the Atlantic is more isotropic than that in the Pacific, which exhibits strong zonal changes. The EKE map presents a very detailed description, presumably never before achieved at a global scale. Pronounced seasonal changes of the EKE are found in many regions, notably the northeastern Pacific, the northeastern and northwestern Atlantic, the tropical oceans, and the zonally extended bands centered near 20øS in the Indian and western Pacific Oceans and at 20øN in the northwestern Pacific.
Introduction
It is now generally admitted that at least two altimetric missions are needed to resolve the main space scales and timescales of the ocean circulation, in particular, the mesoscale [e.g., Koblinsky et al., 1992; Blayo et al., 1997; Le Traon and Dibarboure, 1999, hereinafter referred to as LD99]. LD99 have analyzed, in particular, the mesoscale mapping capabilities of multiple altimeter missions. They show that existing and future two-satellite configurations (T/P and ERS and, later on, Jason-1 and Envisat) will provide rather good mapping of SLA mesoscale variability (mapping error below 10% of the signal variance). On the other hand, Greenslade et al. [1997] concluded that the mesoscale variability cannot be mapped with acceptable accuracy with any of the existing or future two-or three-satellite configurations. Greenslade et al. [1997] required, however, a very homogenous mapping error. Although the mesocale mapping errors are not homogenous, LD99 argue that they remain sufficiently small relative to the signal. The combination of TOPEX/Poseidon (T/P) and ERS-1 and-2, and later on, Envisat and Jason-l, should thus allow a mapping However, merging multisatellite data sets is not an easy task. It first requires homogeneous and intercalibrated sea surface height (SSH) data sets. It is then necessary to extract consistent sea level anomaly (SLA) data from the different satellites. Finally, advanced interpolation techniques are needed to map SLA data onto a regular space/time grid. Gridded SLA data can be considered as a final merged product; they can be used directly for signal analysis and in comparison with numerical models and in situ measurements [e.g., Chao and Fu, 1995; Hernandez et al., 1995] . They may also be assimilated into ocean circulation models since they provide both data and associated error estimates at each grid point, although the assimilation of along-track data may be preferred for sophisticated assimilation schemes [Fukumori, 1995] .
Effective merging techniques have been developed at CLS Space Oceanography Division. It has been shown that homogenous and intercalibrated SSH data sets can be obtained by using the most precise mission (T/P and, later on, Jason-l) as a reference for the less precise missions [Le Traon et al., 1995; Le Traon and Ogor, 1998]. F. Hernandez (manuscript in preparation, 1999) has also proposed a method to get consistent mean profiles for the T/P and ERS missions and Le Traon et al.
sets are obtained by performing a global crossover adjustment of ERS orbit, using the more precise T/P data as a reference [Le Traon and Ogor, 1998 ]. Since geoids are not known at small spatial scales with a sufficient accuracy, data along each satellite track need to be referenced to a mean profile, using a repeat track analysis, to get along-track SLAs. The T/P mean profile was calculated from the first three complete years of T/P along-track data (January 1993 to December 1995). Because of the gap due to the geodetic mission and its longer repeat track period, an ERS mean profile computed over the same period would not be compatible with the T/P mean and would be less precise. To reduce the contamination of ocean signal variability on the ERS mean and to get a consistent mean for the T/P and ERS missions, T/P SLA data are thus used to correct ERS SSH along-track data prior to the computation of the ERS mean profile (F. Hernandez, manuscript in preparation, 1999). For each ERS cycle, T/P SLA data are interpolated along ERS tracks using an optimal interpolation method similar to the one described in section 2.2 and then subtracted from the ERS SSH data. This allows us to remove the large-scale ocean signal variability in the ERS data (e.g., seasonal steric height signal), which otherwise, because of inadequate time sampling, would be aliased onto the ERS mean.
To reduce measurement noise and mapping computer time, the SLA files are filtered (using a linear Lanczos [Hamming, 1977] low-pass filter) and subsampled. The Lanczos filter cutoff wavelength depends on latitude, taking into account variations in the typical spatial scales of the ocean signal: 300 km equatorward of 10øN/øS, 200 km between 10 ø and 30øN/øS, 100 km between 30 ø and 50øN/øS, and 70 km above 50øN/øS. Filtering considerably reduces the instrumental noise. The data are then subsampled according to the degree of smoothing: one point in seven from the equator to 10øN/øS (roughly every 50 km), one point in five from 10 ø to 30øN/øS (roughly every 35 km), and one point in three poleward of 30øN/øS (roughly every 21 km) are kept as final along-track observations.
Mapping
The main characteristics of the mapping method are given here; for a more detailed description, see Le Traon et al. [1998] . The theoretical formulation of the estimator and the associated mapping error, along with more details on the data selection are given in the appendix. The method is a global suboptimal space/time objective analysis that takes into account along-track correlated errors. For each grid point, data are initially selected in a large subdomain, whose radius is 3 times larger than the space correlation scales (varying with latitude, see below). As the data selected in the large domain are not centered, a mean is removed before the analysis, and added back afterward. This mean corresponds to the average of the data weighted by the inverse of the long wavelength error variance (different for each satellite). Next, data are selected for the objective mapping: inside a subdomain within roughly the zero-crossing of the space correlation scale, all data are retained; outside this subdomain, only one point out of four is retained. These latter observations are used to correct for long wavelength errors, enabling us to separate long wavelength errors from the ocean signal.
The space correlation scales (zero crossing of the correlation function) are set as follows [see also Oschlies and Willebrand, 1996 The data error is the sum of a white noise uncorrelated between different data and a long wavelength error correlated along a particular track for a given cycle. The white noise is computed assuming a measurement noise of 2 cm rms for T/P and 3 cm rms for ERS taking into account the reduction due to smoothing. The long-wavelength error is taken as a uniform error of 3 cm rms for T/P and 4 cm rms for ERS (note that ERS data are adjusted onto T/P, which considerably reduces its long-wavelength errors). 
Comparison of T/P and ERS-1 and -2
The rms variability of the differences between T/P and ERS-1/2 SLA maps is less than 2 or 3 cm rms in low-energy areas (Plate 1). This indicates a good consistency between the two data sets. This is due to the global adjustment of the ERS orbit onto the more precise T/P orbit and also to the improvement of the conventional objective analysis method, which results in correcting residual long-wavelength errors. In the major current systems the differences are larger but are mostly due to the differences in the sampling by the two satellites, ERS being able to observe eddies in-between T/P tracks. In these higheddy energy areas, differences can be larger than 10 cm rms, and merging is then required to map the mesoscale oceanic signal.
If we normalize the variance of the SLA differences (T/P -ERS) by the sum of the error variances, we theoretically should obtain a number around one, assuming that T/P and ERS Globally, we obtain a ratio close to one. The small discrepancies can be due to an underestimate (overestimate) of the mapping errors that results if the chosen space and/or time correlation scales are too large (too small). For example, at the equator the time correlation of 10 days may still be too large compared to the timescales of the ocean dynamics. Alternatively, the correlation between T/P and ERS errors cannot be neglected in some areas: if, for example, there are too few valid satellite measurements to derive a realistic estimate of sea level, both errors will be strong and a fortiori correlated because they will include the same real ocean signal. This result is nevertheless very satisfactory. It means that most of the differences between the T/P and ERS-1 and -2 maps can be explained by sampling errors. It also means that mapping errors derived from the objective analysis are realistic and thus that the correlation scales were well chosen.
Contribution of the Merging

Mapping Error
Combining T/P and ERS data considerably reduces the a posteriori mapping error and homogenizes it. Plate 3 shows the errors given by the objective analysis (equation (2) in the appendix) as a percentage of signal variance for T/P, ERS-2, and the combination of both at the arbitrarily chosen February 8, 1997. Note that the error structures in these three cases are very different because of orbit configuration differences. Because the T/P repeat period is short compared to the a priori timescale of 15 days (except in an equatorial band of 5øN/øS where it is reduced to 10 days), T/P error is very homogeneous in time but has large spatial variability. The map of Plate 3a presents the classical "diamond structure" of the error estimation field, with the maximum occurring at the center of the diamond. Its value ranges from about 20% of the signal variance at the equator and increases with latitude to reach ---80% around 40øN/øS because of smaller spatial correlation scales. Indeed, at 40øN/øS the T/P intertrack distance is ---240 km compared to a spatial correlation of---140 km representing the typical size of mesoscale eddies at those latitudes. At very high latitudes (higher than 50øN/øS), as T/P ground tracks get closer to one another, the mapping error decreases to typical values of --•30% at 60øN/øS. The ERS error pattern is more complex, showing both space and time variability (Plate 3b). Along the equator the regularly spaced red spots associated with errors greater than 50% are mainly due to ERS time sampling and the fact that two geographically adjacent tracks are separated by a time lag of up to 16 days. Here the choice of a 10 day time correlation is too short compared to the ERS temporal resolution. Plate 3c shows that the error associated with the combination of both satellites is significantly more homogeneous and reduced. We now get SLA field mean mapping errors below 10% of the signal variance, which means that the information provided by the two satellites is clearly complementary. Compared to T/P only, the combination of T/P and ERS reduces the mean mapping error by a factor of more than 2 (from 25% of the signal variance for T/P to less than 10% for the combined maps). This large improvement is described in more detail by LD99, who also provide a thorough discussion on the apparently contradictory conclusions of Greenslade et al. [1997] on the mesoscale mapping capability of multiple altimeter data sets. The mapping errors show that the combination of T/P and ERS provides a good mapping of the mesoscale variability; errors are small compared to the ocean signal and should have only a minor impact on the oceanographic interpretation of T/P + ERS SLA maps.
Sea Level Variability
One way to assess the contribution of the merging of the two data sets to the mapping of mesoscale ocean signals is to compare the rms SLA variability obtained from T/P data only and from the combined data. One notices unrealistic features on the T/P map, mainly in high ocean variability regions, where the rms erroneously changes from one grid point to the next (Plate 4a). This is somewhat expected as we have chosen spatial correlation scales that are assumed to represent the mesoscale ocean signal and the T/P orbit was optimized for largescale ocean signal observation. Its large intertrack distance of 2.8 ø does not allow an adequate mapping of the mesoscale ocean circulation variability. This problem disappears when combining T/P with ERS data since the merging should help resolve the mesoscale (Plate 4b). One can already note the high level of detail that is revealed by this map over the global ocean, which will be discussed in section 6.1 from the EKE point of view.
A second validation test is to compare the SLA variability derived from the maps and from the along-track data. We use T/P along-track SLA data, which span the period from cycles 4-45 and 94-188, to correspond exactly with the available dates of the combined maps. The along-track data are filtered as described in section 2.1 to be comparable with the maps.
Almost all the studies on ocean eddies based on altimetric data use along-track SLA rms maps [see, e.g., Stammer, 1997; Qiu, 1999] . So, understanding how the merging contributes to the reduction of discrepancies between along-track and interpolated maps is interesting. For this we use two different techniques. On the one hand, the temporal variance is computed at each grid point of the combined maps (which are obtained by applying the optimal interpolation scheme to the along-track data). On the other hand, the map of the along-track variance results from first computing the signal time variance at each point along the satellite track, which is the more accurate way lo to do it, and subsequently mapping it on the same X regular grid. Because of the large intertrack distances with T/P, a weighted interpolation is then applied to map the ocean signal: each 1 ø x 1 ø grid point estimate is the weighted average of the points contained in a 2 ø x 2 ø box, the weight being proportional to their distance to the grid point. We expect the variance deduced from the T/P maps to be weaker than those from along-track data, which is clearly displayed in Plate 5a. In high-variability regions where differences can reach up to 600 cm 2 (---25% of the oceanic variance in these areas), T/Pinterpolated maps considerably underestimate the variability. The difference between the T/P along-track SLA variance and the combined mapped variance shows that almost all the previous discrepancies disappear, displaying very small and homogeneous differences (Plate 5b). This is also a first indication of the good precision of the mapping. We thus expect that most ocean eddy energy will be conserved in the combined maps.
At high latitudes, where the ocean is not highly variable at the scales resolved, the differences between along-track data and maps can nevertheless be significant. In the Southern This can be done with the same mapping procedure by modifying the correlation function between the field to be mapped and the observations. Such an analysis is performed by LD99. They show that the T/P + ERS quadratic mapping error on velocity is about 20% of the signal variance and that the error is more homogenous than for the SLA. The mapping errors on the velocity field are thus twice as large as for the SLA; they remain, however, small (although not negligible) compared to the signal variance. This means that they will not impact much our interpretation of ( ,2 ,2 Ug) ( or , l, Zg }, EKE maps. LD99 also show that the mapping error on the meridional velocity (l,Z•) is only slightly larger (by a few percent) than the error on the zonal velocity (U}). The impact on isotropy analyses should thus also be small. From (1) in the appendix, showing that the a posteriori variance of the mapped field is equal to the true (unknown) variance minus the mapping error variance is easy. This means that the velocity variances and EKE derived from the combined maps are likely to be underestimated by ---20%. The velocity maps derived from T/P only have a mean mapping error of---40 (U}) and 50% (l,Z}) (LD99). Compared to the combined maps, they should underestimate the velocity variances by about 30-50%, which will be confirmed below. 4.3.2. Contribution of the merging. To evaluate the contribution of the merged data set to the velocity calculations, we compute the zonal and meridional velocities derived from the T/P only and T/P + ERS combined maps every 10 days and compare their variance over the period of the combined data. The grid on which we estimate the interpolated SLA from the objective analysis has a resolution of -1/4 ø by 1/4 ø, which does not represent a constant spatial grid spacing in longitude: 0.5 ø represents ---55 km at the equator, 28 km at 60øN/øS, and ---5 km at 80øN/øS. To study further the isotropy of the velocity field, that the SLA gradients in the zonal and meridional directions be calculated over the same distance is necessary. Therefore we resampled the maps using a cubic spline interpolation based on the five closest points surrounding the estimated grid point. Velocities were subsequently calculated from the slope of the SLA data determined by a centered difference scheme over a 30 km distance. In strong variability areas, zonal velocity variances are then ---10% higher than when based on SLA slopes over 0.5 ø in latitude. Because of small values of the Coriolis parameter near the equator, geostrophic velocities were not calculated in the +5 ø equatorial band. The calculation of the velocity field in the equatorial band, following Picaut et al. [1990] , requires a specific space and time filtering that is beyond the scope of this paper.
The variances of either the zonal ((U}2)) or the meridional ((V} 2)) geostrophic velocity, inferred from the combined data, represent well the five major current systems (not shown), the maximum mean variance being found in the western boundary t2 currents, reaching up to 4500 cm 2 s -2 either for (U a ) or (V}2). We then compare those maps with those of T/P only.
The maximum differences, found in the Gulf Stream and the Kuroshio, are more than 1500 cm 2 s -2 (Plates 6a and 6b), meaning that the merged data observe 30% more of the velocity variance than T/P only. On Plate 6a, T/P tracks are present, as expected, because of the fact that sea level gradients are not well estimated with T/P only (see discussion in 4.2). On the (V} 2) map (Plate 6b) the vertical structures are explained by the fact that zonal gradients are better estimated close to cross-over points; in other words, if the T/P orbit inclination were 45 ø, instead of--•66 ø, there would not be any asymmetry between the zonal and meridional velocities. The merged product also helps reduce this phenomenon, so that the asymmetry almost disappears on the combined maps (not shown).
SLA Spectra
To analyze further the merging contribution, mean wavenumber spectra derived from the gridded SLA data (T/P and T/P + ERS-1) were computed in different regions of the world ocean, such as low-variability areas (northeastern Atlantic), the Antarctic Circumpolar Current, and the western boundary currents. The qualitative conclusions for all these areas being similar, we present here the mean spectrum in the Gulf Stream region (33ø-43øN, 70ø-50øW) for the year 1993. Spectra were computed in both the zonal and meridional directions. According to the decorrelation scales in space and time in this region (see section 2.2) the number of degrees of freedom is greater than 120, which corresponds to a precision of -20% in the spectra. Figure 1 shows the two (T/P and T/P + ERS-1) spectra for the zonal direction as well as the T/P + ERS-1 mean spectrum in the meridional direction. A mean T/P along-track SLA spectrum is also shown as a reference.
The comparison between T/P and T/P + ERS zonal spectra shows that the latter contains more energy than the former at all wavelengths. This was somewhat unexpected for the long wavelengths (above 500 km), which should also be well observed by T/P alone. However, this result is very sensitive to the choice of the correlation scale used for the mapping because of the inadequate T/P sampling in the zonal direction (see the large mapping error in Plate 3a). A separate study was undertaken, slightly increasing the objective analysis correlation scales (from 150 km to -200 km). This reduces the energy in the mesoscale band, as expected, but also gives more energy at longer wavelengths (between 400 and 800 km). In this case the T/P mean spectrum contains the same energy as for the combined maps at wavelengths larger than 500 km.
The comparison with the spectrum of T/P along-track data shows that the combined maps have an energy similar to the along-track data at wavelengths larger than -150 km. For wavelengths larger than -400 km the combined map spectrum is less energetic than the along-track one. This does not mean that the combined maps are missing some energy at these wavelengths but rather suggests that the distribution of energy in the Gulf Stream is not fully isotropic; there is more energy in the meridional direction (closer to the T/P tracks inclination) than in the zonal direction. This is confirmed by the analysis of the mean spectrum derived from the combined of less than 150 km the spectrum of combined data has less energy than the along-track T/P spectrum, even though the integrated energy contained between both curves is low (--•2 cm rms between 100 and 200 km). This not only results from the mapping procedure but also from the filtering of alongtrack data before the mapping (which uses a cutoff of 100 km at these latitudes, affecting wavelengths up to 200 km). Thus the combination of T/P and ERS recovers signals with wavelengths larger than 150-200 km, in particular zonally. This is obviously not achieved with T/P data alone and is an important contribution of the merging of T/P and ERS data.
Validation With in Situ Measurements
As it will be the basis of most of the following descriptive analyses, a careful validation of the geostrophic velocity calculation is needed to ensure that the energy level contained in the maps is correct. Indeed, the energy level is strongly related to the spatial filtering and could be also affected by the mapping procedure itself (see section 4). Several previous studies showed comparisons between altimetry and in situ measurements [Zlotnicki et The number of data included in this set is much higher than in earlier analyses based on the order of a hundred floats [Richardson, 1983; Briigge, 1995] . The data were gridded on a 0.5 ø x 1 ø grid to retain the fine resolution that the number of observations permits in a large part of the North Atlantic. The data distribution is not homogeneous (more drifters having been deployed north of the Gulf Stream, close to Iceland, and in the Azores Current). Drifters will also tend to sample preferentially convergent features and therefore also fronts. These effects will result in biases in the mean field. In that sense it is reassuring to find similar features in the average circulation to the ones presented by Briigge [1995] using a different set of drifters, all drogued at 100 m. The effect should be much less severe for the variability, and here we will assume that the data set provides a quasi-Eulerian sampling of the eddy field (precisely determining biases in the variance fields is a complicated issue that requires important modeling effort). Uncertainty due to the sampling of the variance field is large, often a factor There is also a tendency for the variance to be larger in the drifter set in the subpolar gyre (see, e.g., the patch of large values in the drifter product near 61ø-62øN off west Greenland). We also present the comparison as a scatter diagram both for the zonal and meridional components (Figure 2) . The current meter time series have been smoothed at least with a 2 day low-pass filter. When the time series were available, 10 day averages have been estimated, and the values presented correspond to these time series. The correlation coefficient with the corresponding time series from the gridded product is then also indicated. For each mooring the bottom depth is reported. Notice that some moorings are in shallow water, close to shelves: we do not expect the mapped analysis to be very accurate in these areas.
which suggests that the analysis has not modified that ratio. The correlations with the 10 day averaged current meter records are often significant, in particular for sites away from shelves and with a rather large variability (notice in particular the results of the Subduction mooring in the Azores Current at 22øW, 33øN in Table 1 ). These agreements are remarkable considering that the altimetric product includes spatial averaging on scales of at least 50 km and that the current meters are below the surface with a possible geostrophic shear in some cases to the surface (for example, for the SEMAPHORE moorings this effect could reach a 2 cm s -1 rms and is often correlated with the current [Hernandez et al., 1995] ). Also note that this comparison could be slightly improved by choosing regional rather global correlation scales that would better match the local dynamics of the studied area. Large difference are found for two moorings. One in the Labrador Sea, where the variance in the mooring currents is larger, and the other in the East Australian Current. The results for the Labrador Sea confirm what was found in the comparison to the drifter; that is, the variability is underestimated in the T/P + ERS analysis. The mooring in the East Australian Current is too close to the coast (between 30 and 50 km off shore, in the shelf break) to retrieve any reliable information from the interpolation method. In this case a finer data selection could be done by editing altimetric measurements "too" close to the coast that are likely to contaminate the estimate in our analysis.
Statistics of the Variability
We have just seen that the combination of T/P and ERS-1 and -2 provides an accurate description of the ocean circulation, retaining the accuracy of T/P data but with a finer spatial resolution. The variability present in the combined maps was found to have rms variability in good agreement with in situ measurements. We now have a powerful altimetric product to perform detailed global mesoscale ocean analyses, study the variance of the zonal and meridional velocities independently, and intercompare different oceanic areas. An oceanographic analysis of the combined data set is now carried out, focusing on EKE variations and isotropy. Our goal here is mainly descriptive, and we will compare the results with previous studies. Theoretical discussion is beyond the scope of this paper and would be best done by using both altimeter data and high-resolution global circulation modeling results.
Eddy Kinetic
To infer a seasonal cycle in the EKE field, we first computed EKE monthly values averaged over 1 ø by 1 ø bins and 3 months (the month of March, for example, is the mean of February, March, and April). Then a linear trend as well as the mean were removed from the time series at each grid point, and an annual sine was least squares fitted to extract the annual harmonic of the signal period. Note that this analysis would be complete if the seasonal signal were a purely periodic phenomenon. However, annual changes in the EKE field are expected to be more complex than could be described by a single sinusoid, as previously discussed by Stammer and Wunsch [1999] . The spatial distribution of the amplitude and the phase of the annual harmonic is shown in Plates 10a and 10b, respectively. The percentage of the variance in the detrended EKE time series explained by the annual harmonic is shown in Plate 10c. To be able to identify large-scale features, a Loess smoother [Schlax and Chelton, 1992] 
Conclusion
Using altimeter data from the first 55 years of T/P and ERS-1 and -2 35 day repeat cycle data, we have shown the contribution of their merging to mesoscale ocean studies. The intercalibrated and homogeneous gridded data sets have an excellent global compatibility, the rms of their differences being less than 3 cm in low ocean variability regions. In high-variability areas the differences are mainly explained by the mapping errors. The mapping of the ocean signal was done globally through an improved objective analysis method that takes long wavelength residual errors into account and uses realistic correlation scales of the ocean circulation (e.g., 175 km at 30øN/øS and 100 km at 60øN/øS), with a global high-resolution of 1/4 ø. The combination also significantly homogenizes and reduces the mapping error. A statistical description, based on the comparison between T/P-only maps and the merged ones, was used to demonstrate the contribution of the combination for further mesocale investigations. We confirm that if one wants to consider realistic correlation scales of the ocean dynamics, T/P data are not sufficient on their own owing to the too large spatial sampling of the satellite tracks. So, with our choice of realistic decorrelation scales, unrealistic features appear in the high-variability areas on the T/P rms SLA variability map, which disappear on the combined map. As far as geostrophic velocity calculations are concerned, T/P + ERS data enable us to get a better estimation of the meridional velocity and to observe -30% more kinetic energy, in both directions, than T/P data alone. Wavenumber spectra were also used to dem- Whereas the eddy velocity field in the Atlantic was found to be rather isotropic, it is dominated by zonal (meridional) velocities in the western (eastern) part of the Pacific. A detailed review of the locations in the world ocean where the annual harmonic explains a significant part of the EKE variance was discussed, referring to previous studies. The interest of having access to both components of the geostrophic velocity was also highlighted in the STCC, where the mean flow variations were shown to be dominated by eddy-like variability. A more detailed analysis of these regional features, as well as an attempt to get insight into the physical mechanisms leading to some of the observed seasonal variations in EKE, is beyond the scope of this paper and will be part of a regional study. This will allow us to describe further regional oceanographic features as well as to get a much finer insight into local anisotropy.
Appendix: Mapping Methodology
The method is a global suboptimal space-time objective analysis, which takes into account along-track correlated errors. Expressions for the best least squares linear estimator 0est(X) and the associated error field are recalled here 
